In recent years, the impacts of natural disaster are more and more severe on coastal lowland areas. Aim to the threat of climate change and sea level rise, the natural disaster reduction in coastal lowland areas is paid highly attention. Based on a number of literatures, the paper summarizes the categories and characteristic of natural disasters emerging in coastal lowland areas, such as windstorm and storm surge, hurricanes and hurricane winds, tsunamis and floods, and analyzes the most devastating natural disasters in coastal lowland in the world 2005. The paper also summarizes the effects of typhoons on the coastal lowland areas of China in 2005 and review to analyze the natural disaster mitigation measures and its researches. At last, the paper discusses the vulnerability assessment and response strategies.
INTRODUCTION
World Meteorological Organization (WMO) indicates 95% of all natural disasters are caused by weather, climate and water (http://www.wmo.int). According to the report from United Nations Environment Programme (UNEP) in December 6, 2005, Global Finance Community Joins UN to Tackle Climate Change, the total damage describes the historic record of weather disasters in 2005 (http://www.pdweather.com) . In recently, Munich Reinsurance Company indicated economic losses from natural catastrophes associated with climate change totaled over US$200 billion in 2005(http://www.nmc.gov.cn/news/). UNEP reported scientists have documented climate-change induced changes in some 100 physical and 450 biological processes. In the Russian Arctic, higher temperatures are melting the permafrost, causing the foundations of five-story apartment buildings to slump. Worldwide, the rain, is often more intense. Floods and storms are more severe, and heat waves are becoming more extreme. Rivers freeze later in the winter and melt earlier.
Trees flower earlier in spring, insects emerge faster and bird lay eggs sooner. Glaciers are melting. The global mean sea level is rising. The rate of climate change expected over the next 100 years is unprecedented in human history. The means sea level rising will increasingly affect coastal margins. But global warming will also alter several other drivers that will impact on coastal areas, such as sediment runoff from land, change in wind and wave patterns, altered ocean currents, warmer sea temperatures, and the expectancy of more intense storms. The international body that produces projections of climate change every 5 years is the Intergovernmental Panel on Climate Change (IPCC). The latest 2001 IPCC projections for global change have been combined together with regional knowledge in a publication Planning for Climate Change Effects on Coastal Margins (IPCC, 2001) . Many coastal lowland areas suffered from natural disaster. Storm surges in the southern North Sea pose a complex, persistent and perhaps growing threat to the surrounding coastline of northwest Europe (Heaps, 1983; Lamb, 1991) . New Zealand communities are exposed to risk from a number of natural hazards. These include strong winds and heavy rain, the resulting flooding, droughts, submarine geological hazards (under-water landslides and volcanoes), tsunami, sea-level rise and climate change, coastal storm surge, extreme tides, hazardous waves, and the resulting coastal inundation and erosion (http://www.niwascience.co.nz). The numerous natural disasters that affect Central Vietnam, the typhoons, river flooding, flash flooding, inundation, landslides, riverbank erosion, coastal erosion, drought, and all other adverse natural phenomena, are preventing sustainable development of the region and thus keeping its inhabitant mired in poverty (http://www.fao.org). In USA, Many coastal zones and small islands experience many natural hazards including storms, cyclones, droughts, sea-level rise, tsunami, and climate change. Systems are developed to monitor and predict hazards generated in the atmosphere and the aquatic environment. While we can't control the environment, we can mitigate the impact of hazards with forewarning and preparation (http://www.fema.gov). Floods of long duration can cause severe social impacts during the flood itself. Health, particularly of the elderly and disabled family members living in poor conditions with limited food stocks, unclean water sources and poor sanitation, is a grave concern of people suffered from flooding. Schooling can be disrupted for long periods, especially when buildings require repairs. Children are most at risk from flooding. The research on floods mainly include : (a) rainfall historic rainfall and flood data and risk assessment; (b) flood forecasting using coupled weather and hydrological models; (c) inundation from river and coastal flooding river flow dependence on climate flood mapping to reduce future losses. Tsunami is a disaster which is devastating to the natural and man-made environment. Most deaths during a tsunami are a result of drowning. Associated risks include flooding, polluted water supplies, and damaged gas lines. Since 1945, more people have been killed as a result of tsunamis than as a direct result of an earthquake's ground-shaking. In USA 1964, an Alaskan earthquake generated a tsunami with waves between 10 and 20 feet high along parts of the California, Oregon, and Washington coasts. This tsunami caused more than $84 million in damage in Alaska and a total of 123 fatalities. (http://www.fema.gov). In1992, a tsunami struck the Pacific coast of Nicaragua, causing death and destruction along the coastal areas of this country. Ten years after this event, some progress had been made in this field and, during the Hemispheric Conference on Early Warning, held in Antigua, Guatemala in 2003, the issue gained momentum. The Conference allowed the region to prepare for the Second International Conference on Early Warning (EWC-II) that took place at the end of 2003. A number of regional commitments resulted from this conference, which led to the creation of the "Central American Program for Tsunami Warnings" (http://www.ewc2.org). After a devastating tsunami hit the Asian region in December 2004, this issue resurfaced at both regional and international levels, renewing in this manner the aspirations to establish a Regional Early Warning System in Central America. Opportunely, the World Conference on Disaster Reduction was held in January 2005, in Kobe, Japan (http://www.unisdr.org/wcdr/). This conference represented another opportunity for the Central American delegates to express their concerns about tsunamis and the need to protect the region through the creation of a tsunami early warning system.
NATURAL DISASTER IN COASTAL AREAS

Windstorm and Storm surge
Worldwide, windstorms (including storm surges) are responsible for a greater number of damaging events than any other type of natural disasters-approximately one-third of all losses owing to nature's forces can be attributed to windstorms. Windstorm damage has been extremely severe in recent decades and it is evident that both the frequency and severity of windstorm disasters (Berz, 2005) . Munich Re (2003) indicated that windstorms clearly dominate the catalogue of the costliest natural disasters to the insurance industry. Until 2003, 37 disasters, which have caused insured losses of US$1 billion and more, 29 are windstorm disasters, whereas only six stem from other types of atmospheric extremes and only two from earthquakes. Storm surge is simply water that is pushed toward the shore by the force of the winds swirling around the storm. This advancing surge combines with the normal tides to create the hurricane storm tide, which can increase the mean water level 15 feet or more. This rise in water level can cause severe flooding in coastal areas, particularly when the storm tide coincides with the normal high tides. Storm surge has been the number one cause of hurricane (typhoon) related deaths in the past. More people have died from inland flooding associated with tropical systems in the last 30 years. Flooding from hurricanes can occur hundreds of miles from the coast placing communities, which would not normally be affected by the strongest hurricane winds, in great danger. Freshwater floods accounted for more than half (59%) of USA tropical cyclone deaths over the past 30 years. These floods are why 63% of USA tropical cyclone deaths during that period occurred in inland counties. Over the past 30 years, 78% of children killed by tropical cyclones drowned in freshwater floods (http://www.fema.gov). The research on windstorms mainly include: generation processes and behaviour of severe weather systems, frequency and tracks of cyclones, extreme wind climates and wind modeling. 
Hurricanes and hurricane winds
Hurricanes are products of the tropical ocean and atmosphere. Powered by heat form the sea, they are steered erratically by the easterly trade winds and the temperate westerly winds, as well as by their own energy. As they move ashore, they bring with them a storm surge of ocean water along the coastline, high winds, tornadoes, and both torrential rains and flooding. Each year on average, ten tropical storms develop over the Atlantic Ocean, Caribbean Sea, or Gulf of Mexico. About six of these will strengthen enough to become hurricanes. About five hurricanes strike the United States coastline every 3 years. Of these five, two will be major hurricanes measuring a category 3 or higher (defined as having winds above 111 miles per hour) on the Saffir-Simpson Scale. Coastal communities deciding how strong hurricane wind structures should be need to consider the strength of hurricane winds and the pressure hurricane wind generate. As winds
Freshwater floods(59%) increase, pressure against objects is added at a disproportionate rate. Pressure against a wall mounts with the square of wind speed so that a threefold increase in wind speed gives a nine-fold increase in pressure. Thus, a 25 mph wind causes about 1.6 pounds of pressure per square foot, and in 125 mph winds, it becomes 1,250 pounds. For some structures, this force is enough to cause failure (http://www.fema.gov). So far, the hurricane research mainly focus on the mitigation of hurricane damage to people, the economy, and the built and natural environments.
Tsunamis
Tsunamis are temporary oscillations in sea level with periods longer than wind waves or swell, but shorter than ocean tides. Tsunami is usually created by a sudden movement or rupture of the ocean floor, such as from earthquakes, underwater landslides and underwater volcanic eruptions. The time between wave crests may be from 5 to 90 minutes, and the wave speed in the open ocean will average 450 miles per hour. Tsunamis reaching heights of more than 100 feet have been recorded. As the waves approach the shallow coastal waters, they appear normal and the speed decreases.
Then as the tsunami nears the coastline, it may grow to great height and smash into the shore, causing much destruction.
Tsunamis occur a few times a year, but generally we don't notice them. Larger tsunami can cause coastal flooding, erosion, damage to buildings and loss of life in extreme cases. IF a tsunami has been generated, but have no way of estimating the size of the wave. This is a research need recognized. There are remote tsunami and local tsunami in New
Zealand. New Zealand is located well out into the Pacific Ocean in such a place as to be very vulnerable to remote tsunami generated in the Pacific Rim, even as far as Alaska. Tsunami from South American sources probably poses the greatest "external" tsunami threat to New Zealand. Fortunately, Pacific-wide warnings can in most cases be processed by the Ministry of Civil Defence & Emergency Management many hours in advance via the Pacific Tsunami Warning Center in Hawaii. However, these warnings give arrival times. New Zealand is perhaps more at risk from local tsunami, generated "locally" along the plate subduction zones off eastern New Zealand and south-west of South Island. This hazard is high because of the potentially large tsunami wave heights and lack of adequate warning (http://www.niwascience.co.nz). The research on tsunami focus on: tsunami generation, propagation and shoreline impacts; tsunami sources: earthquakes, submarine landslides and volcanoes; historical and geological identification of at-risk coastal areas; sea-level and seismic monitoring for tsunami.
Flood
Floods are the most common and widespread of all natural disasters-except fire. Heavy rains and ocean waters brought ashore by strong winds can cause flooding in excess of 50 cm (20 in) over a 24-hour period. The runoff systems in many cities are unable to handle such an increase in water because of the gentle topography in many of the coastal areas where hurricanes occur. Hurricanes are capable of producing copious amounts of flash flooding rainfall. During landfall, a hurricane rainfall of 10 to 15 inches or more is common. If the storm is large and moving slowly-less than 10 mph-the rainfall amounts from a well-organized storm are likely to be even more excessive. The heaviest rain usually occurs along the coastline, but sometimes there is a secondary maximum further inland. This heavy rain usually occurs slightly to the right of the cyclone track and usually occurs between 6 hours before and 6 hours after landfall. Floods are very common in most coastal countries, especially to New Zealand. Most New Zealand cities are situated on the coast and many of these are beside rivers. Therefore, they are at risk from flooding, either from the sea itself, or from rivers discharging into the sea. Yet, a major contributor to coastal flooding around New Zealand is high tides, which are deterministic and able to be forecast well in advance.
Most rivers have protection against inundation from the tide itself, but if a storm surge or river flood occurs at the same time as the largest tides, serious flooding can occur. Thus, a set of RED-ALERT dates can be generated when even a minor storm surge or river flood could cause coastal flooding in low-lying areas because the tides are extreme for those dates. Conversely, another set of CAREFREE dates can be generated when there is little danger of flooding at the coast unless a large storm surge or river flood occurs. Of course, a really major flood or storm surge event may cause coastal flooding at any time, no matter what the tide. Predicted Red-alert and Carefree dates apply for almost everywhere around the world. Of course, the details differ from place to place and depend upon the pattern of tidal propagation. In some places, the dates of maximum tide height will be a day or two different from those forecasted and the high tide height on some of those days may be nothing out of the ordinary.
NATURAL DISASTER IN COASTAL LOWLAND AREAS IN 2005
Indian Ocean Earthquake-Tsunami 2005
In the early hours of the morning of Sunday 26 December 2004 a massive earthquake measuring 9.0 on the Richter scale struck the west coast of northern Sumatra. The epicentre was some 30 kilometres under the seabed and 250 kilometres south-southwest of Banda Aceh. The quake triggered powerful tsunamis reaching ten metres in height, and these moved through neighbouring parts of the Indian Ocean at over 500 kilometres an hour wrecking coastal areas in India, Indonesia, 
The hurricane impact in USA
The hurricane season in USA 2005 has been the busiest one ever recorded (See Table 2 ). There have already been 26 named storms this season, resulting in eleven federal disaster declarations (See Table 3 ). Tropical Storm Arlene emerged on June 8, just a week after the official start of Hurricane Season. But frequent readers here will know that simply looking at the total costs can be misleading because storms that hit is the past encountered very different levels of development and population along the coast. Hence, storms of the past would undoubtedly cause far more damage were they to hit with today's levels of coastal development. However, how does Katrina's impact on oil and natural gas production factor into this? South Florida lacks anything nearly so critical to the overall economy. There is also the issue of Katrina having hit at a critical time for oil and gas supplies in this country, which at a minimum has resulted in a much larger indirect impact on the overall economy than would have been the case five years ago. Another aspect you may or may not have heard about is that California will probably allow a more polluting gas mixture this winter due to Katrina, which will reduce the direct economic impact by keeping gas prices down but will increase health care costs. Since New Orleans is only major city below sea level, probably there's no other geographical location in the country where a major hurricane could result in the long-term displacement of such a large population. This certainly puts Katrina into a qualitative league of its own. 
The typhoon impact in China
NATURAL DISASTER MITIGATION MEASURES AND RESEARCHES
The purpose of disaster mitigation in most coastal lowland area was to identify geographic areas and development sectors that are at risk of natural disasters and to propose solutions to the development problem of natural disaster vulnerability. These solutions fall within the realm of natural disaster preparedness and natural disaster mitigation. It is impossible to prevent most natural disasters. On the other hand, natural disaster mitigation, the reduction of the effects of natural disasters on humankind and its environment, is often attainable. Natural disaster mitigation measures must be incorporated into the design and implementation of all development projects and programs in most coastal lowland area if development is to be sustained. To optimize natural-disaster mitigation, a mix of non-structural and structural strategies must be considered. Typical non-structural natural disaster measures include: (1) disaster response including rescue and evacuation planning; (2) disaster area mapping and zoning; (3) disaster warning systems; (4) grassroots disaster preparedness training and planning; and (5) river basin planning. Typical structural natural-disaster measures include: (1) reservoir and dam safety; (2) river and estuary dykes; (3) coastal and river erosion protection; (4) estuary and port dredging; (5) saltwater intrusion barriers; and (6) new flood control reservoirs (http://www.undp.org.vn). For example, for hurricane disaster, there are a variety of measures that can be taken --both at the individual and community levels --to reduce your vulnerability to hurricane hazards. Simple construction measures, such as the use of storm shutters over exposed glass, and the addition of hurricane straps to hold the roof of a structure to its walls and foundation, have proven highly effective in lowering damages when hurricanes strike. In addition, more complex mitigation measures can be pursued to further reduce a property's susceptibility. Coastal homes and businesses can be elevated to permit coastal storm surge to pass under living and working spaces. Communities can further reduce their vulnerability to hurricanes through the adoption and enforcement of wind-and flood-resistant building codes. Sound land-use planning can also ensure that structures are not built in the highest hazard areas (http://www.fema.gov).
Resources are limited, it impossible to take all actions needed to protect all areas and all people all of the time. Thus, careful selection and ranking of programs and projects is required to develop an optimal natural disaster mitigation strategy. By combining the expertise of atmospheric, river and coastal specialists, we will identify the likelihood of extreme events, monitor and understand key elements of weather, river and coastal systems, identify vulnerable hot-spots with increased risk, and develop computer models of the hazards, leading to improved forecasts and warnings. Working with central and regional government, we will translate the research and models into risk evaluation, timely warning systems and hazard maps, with the outcome of better community planning and increased community resilience to natural hazards. Early warning system built is necessary for a disaster early occurring warning, especially for Tsunamis. The objectives of early warning are (a) Rapid boosting of the capacities for action and planning by public authorities; (b) Linking the available technical capacities on natural disasters with humanitarian and emergency management capacities. The activities of early warning are quickly assess the tsunami warning capacities of the region, establish interim networks among practitioners and authorities, conduct regional meetings of relevant practitioners for both training and coordination aims, develop interim information materials for practitioners and community leaders, and provide necessary coordination and support for the affected countries. The Expected Impact of early warning is improved public confidence and security, authoritative information products provided to the humanitarian community, and a sound basis for coordination and informed implementation of early warning systems in the region. In May, 2005 the Regional Workshop for establishing a "Program for a Tsunami Early Warning System in Central America" took place in Managua, Nicaragua (http://www.eird.org). The event was organized by the Coordination Center for the Prevention of Natural Disasters in Central America (CEPREDENAC) and the Nicaraguan Institute of Territorial Studies (INETER). Experts in the fields of seismology, geology, oceanography, education and training, as well as civil protection officials, member of Central American National Emergency Commissions and international invitees gathered in Managua to identify projects, elements and activities that will contribute to establishing a Tsunami Early Warning System in Central America. Remote sensing techniques for collecting environmental data have many applications. Some of the remote sensing datasets, techniques, and tools are using to support our natural hazard and risk assessment work. Such as, in New Zealand, National Institute of Water & Atmospheric Research (NIWA) is routinely using high resolution satellite imagery to support many of natural hazard and risk studies both in New Zealand and overseas (http://www.niwascience.co.nz). We also used the imagery in mapping building and community infrastructure characteristics and in presenting future risk reduction initiatives. The use of satellite-derived topography has allowed us to map flood risk over large areas for the insurance industry. Space shuttle also helps European flood risk modeling. The application of remote-sensing is essential for hazard forecasting. For example, NIWA use radar data to estimate rainfall, and then use those estimates to validate the predictions of computer weather models (http://www.niwascience.co.nz). The resulting rainfall forecasts are an essential input into the river flow and flood forecasting. One major research focus is 'data assimilation'. The more advanced techniques are conceptually and computationally challenging, and few organizations in the world are attempting them. In essence, by using satellite data as well as standard weather observing systems, which in turn improve forecast accuracy, computer models start with the best possible picture of current conditions. In more detail, data are 'assimilated' by examining the differences between the most recent forecast and the observations, then the differences are used to move the model's view of the weather back towards reality before they begin to generate forecasts again. We should also develop some researches on the prediction and monitoring of natural disaster. Such as, there are three main themes to the research in New Zealand (http://www.niwascience.co.nz): (1) Understanding extreme weather systems (storm development, wind, rain) and developing meteorological computer models to better predict extreme weather events; (2) Improving the knowledge of floods and droughts, ways of establishing their risk in different regions, and developing river flood and flood-plain inundation models; (3) Understanding the dynamic nature of coastal environments, their propensity for generating extreme (hazardous) events, and the effects of climate change, and translating that information into better warning systems, community awareness and preparedness programmes, and consistent planning and policy for coastal margins.
VULNERABILITY ASSESSMENT AND RESPONSE STRATEGIES
Vulnerability Assessment
Hazard mitigation planning is an important aspect of a successful mitigation program. States and communities use the hazard mitigation planning process to set short and long-range mitigation goals and objectives. Hazard mitigation planning is a collaborative process whereby hazards affecting the community are identified, vulnerability to the hazards is assessed, and consensus reached on how to minimize or eliminate the effects of these hazards. So vulnerability to impacts is a multidimensional concept, encompass passing biogeophysical, socioeconomic, and political factors. The IPCC common methodology defines vulnerability as "the degree of incapability to cope with the consequences of climate change and accelerated sea-level rise" ( IPCC CZMS, 1991) . Therefore, analysis of the vulnerability of a coastal area or small island to climate change includes some notion of its susceptibility to the biogeophysical effects of climate change and sea level rise, as well as of its natural resilience-which is greatly influenced by past, current, and future population and settlement patterns and rates of socioeconomic change. Susceptibility and resilience together determine the natural system's sensitivity to anticipated changes. Socioeconomic vulnerability is further determined by a country's technical, institutional, economic, and cultural capabilities to cope with or manage the anticipated biogeophysical effects and their consequent socieoeconomic impacts (WCC'93, 1994) . The common methodology has helped to focus the attention of many coastal nations on climate change and has contributed to long-term thinking about the coastal zone. On the other hand, a number of problems have been raised concerning the common methodology through the experiences of vulnerability assessment case studies. Although the common methodology has encourages researchers to take into account the biogeophysical response of the coastal system to sea level rise, lack of data and models for describing local coastal processes and responses have hindered detailed, quantitative impact assessment. Many case studies have carried out a simple first-order assessment by horizontally shifting the coastline landward by an amount corresponding with the sea level rise scenario. There has been concern that the methodology stresses a protection-orientated response, rather than considering a full range of adaptation options. Market evaluation assessment framework has proved inappropriate in many subsistence economies and traditional land-tenure systems. More attention should be paid to broader socioeconomic evaluation techniques, which include traditional, aesthetic, and cultural values (Bijlsma, 1996) . In many industrialized countries, the main potential losses from sea level rise seem to be coastal wetlands, as well as sandy beaches in some countries. However, a change in the frequency, intensity, or distribution of extreme weather events could have implications for urban area and related capital assets in countries such as Japan, Australia, the United States, and some countries bordering the North Sea. The global vulnerability assessment (GVA) has provided estimates of the following impact: population at risk, the average number of people per year subject to flooding by storm surge on a global scale; wetlands at loss, the ecologically valuable coastal wetland area under serious threat of loss on a global scale; and rice production at change, the changes in coastal rice yields as a result of less-favorable conditions due to sea-level rise in south, southeast, and east Asian.
Response strategies
There is no doubt that the threat of climate change and sea level rise has focused attention on coastal zones and small islands and awakened awareness of the vulnerability of the world's coastal regions in general-and to low-lying coasts, tidal deltas, and small islands in particular. IPCC CZMS (1990 CZMS ( , 1992 have distinguished three groups of response atrategies (planed) retreat, accommodate, and protect. The first involves strategic retreat from or the prevention of futuremajor developments in coastal area that may be impacted. The second includes adaptive responses such as elevation of buildings, modification of drainage systems, and land-use changes. Both strategies are based on the premise that increases in land loss and coastal flooding will be allowed to occur and that some coastal functions and values will change or be lost. On the other hand, these strategies help to maintain the dynamic nature of coastal ecosystems and thus allow them to adapt naturally. The third strategy involves defensive measures and seeks to maintain shorelines at their present position by either building or strengthening protective structures or by artificially nourishing or maintaining beaches and dunes. This function could involve the loss of natural functions and values.
International Strategy for Disaster Reduction (ISDR) put forward the framework (Hyogo Framework) for action 2005-2015 (http://www.eird.org): Building the Resilience of Nations and Communities to Disasters recognizes in its priority areas the reduction of the underlying risk factors to build a safer world and identifies a number of measures that will help reduce the impact of hazards on poor populations. However, to achieve the Millennium Developments Goals and reduce poverty before 2015, we must find mechanisms that work and actively implement them. There are many problems in the disaster deduction, such as development problems, poverty problems and institutional problems. Development is extremely difficult to sustain when progress is repeatedly set back by natural disasters. An effective natural disaster mitigation strategy must incorporate opportunities for socio-economic development into its policy framework and its mitigation plans. There are some poverty problems in coastal lowland area in some developing countries, for example in Vietnam. Those people most affected by natural disasters are those least able to cope with the effects of the disaster. While incorporating development opportunities into the disaster mitigation framework, special attention must be given to poverty reduction and hunger eradication. By soliciting the participation of the people most directly affected by natural disasters through a grassroots participatory approach, the afflicted communities will become empowered and share a sense of ownership of the projects they have developed. This empowerment and self-determination are the foundations of sound and sustainable socio-economic development. In natural disaster deduction, people also aim at the institutional problems and provides an opportunity for the development of institutions that will coordinate, manage, and implement disaster mitigation programs and projects. These institutions will operate on every level, from the local level in the hamlet and commune up to the central government level of a state.
CONCLUSIONS
(1) 95% of all natural disasters are caused by weather, climate and water in the worldwide.
(2) The total damage describes the historic record of weather disasters in 2005.
(3) The emergences of severe natural disasters are more and more frequent and the effects are more and more devastating on coastal lowland area.
